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ABSTRACT

During COVID 19 pandemic the global needs for online shopping, ride-sharing tran-
sportation, and food delivery services have been dramatically increased. The drivers
who suffer from diabetes especially low blood sugar level (Hypoglycemia) are more
likely at risk than others. Earlier literature has revealed that hypoglycemic issues in
patients with diabetes are correlated with significant changes in scalp electroencepha-
lography (EEG); signals amplitude (time domain) or power spectral density (frequency
domain). In addition, Hart rate variability HRV which reflects the balance between the
sympathetic and parasympathetic nervous system has been proven as one of the indi-
cators of Hypoglycemia. The aim of this paper to propose a conceptual design of
a Vehicle detection system using both EEG and HRV measures at the same time in
real time feed using non-invasive sensors to reduce the potential of driver’s cognitive
dysfunction.
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INTRODUCTION

During COVID 19 pandemic the global needs for online shopping, ride-
sharing transportation, and food delivery services have been incredibly
increased(Unnikrishnan and Figliozzi, 2021). To meet the growing demand,
Logistics and transportation companies increased the capacity of transporta-
tion and drivers. The drivers who suffer from diabetes especially low blood
sugar level (Hypoglycemia) are more likely at risk than others. Hypoglyce-
mia is a blood sugar (glucose ) level below normal 70 mg/dL (Association,
2020). Hypoglycemia symptoms such as hunger, sweating ,cognitive dysfu-
nction, anxiety, seizures, palpitations, coma and tremor (Cryer, Davis and
Shamoon, 2003). Findings have showed that cognitive function might not
recover until about 40 minutes after return of normal sugar level (euglyce-
mia) (Zammitt et al., 2008). Case studies showed that hypoglycemia was
correlated with 130% increase in car accidents (Signorovitch et al., 2013).
The raped improvements in engineering fields, was applied in developing
new advanced noninvasive interface and technology on human body, that
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have opened new fields and approaches for utilizing human biosignals in
examining different human’s activities. These innovations allow organizati-
ons to acquire human biosignals and related data, which helps to monitor
and process information for extracting knowledge to study human behavior,
function and disability and determine the optimal job design and working
environment. Neuroergonomics is a science of two disciplines neuroscience
and ergonomics (Parasuraman and Rizzo, 2008). Ergonomics is the study of
interactions between human being and machine, with main purpose to incre-
ase human performance and minimize interaction risks (Karwowski, 2006b;
Karwowski, 2006a; Karwowski, 2005). It evaluates how well a technology
matches human capabilities and limitations. Earlier literatures have revealed
that hypoglycemic issues in patients with diabetes are correlated with signi-
ficant changes in scalp electroencephalography (EEG); in addition, Hart rate
variability (HRV) has been proven as one of the indicators of Hypoglycemia
(Blaabjerg and Juhl, 2016; Jaiswal et al., 2014; Juhl et al., 2010; Koeneman
et al., 2021; Ngo et al., 2021; Olde Bekkink et al., 2019; Rubega et al., 2020;
Sejling et al., 2015; Vlcek et al., 2008; Diouri et al., 2021; Tobore et al.,
2020).

HYPOGLYCEMIA VEHICLE DETECTION SYSTEM

Hypoglycemia Related Biosignals

Emotional, physical responses and cognitive dysfunction of human body have
been studied comprehensively over years. Most of recent studies are trying
to discover the responses of our nervous system. The human nervous system
contains two divisions: central and peripheral. The central includes the brain
and spinal cord; the peripheral connects the central to the body. The peri-
pheral is divided into two systems somatic and autonomic nervous system
which associated with psychological mental states like stress, anxiety, anger,
fear, sadness, disgust, and happiness; it regulates breathing, heart rate, etc.
The autonomic system divided into two parts: sympathetic and parasympa-
thetic which start stress and relaxation, respectively (Mai and Paxinos, 2011;
Seo and Lee, 2010). The most interesting approaches to this information has
been proven by many studies; physical , emotional and cognitive dysfunction
caused by disease and their related biosignals can be acquired directly or
indirectly from human nervous system (Kreibig, 2010; Cryer, 2021).

Brain’s EEG

The human brain affected by the supply of the source of energy (glucose)
(Alshear). Brain electrical activity or EEG is “the recording of electrical acti-
vity along the scalp” also EEG is a device or instrument that measures signals
of voltage oscillations occurring with ionic current flows inside the brain’s
neuron. EEG bands or rhythms are classified based on frequency ranges,
that are named after Greek letters delta band δ (1 to 4 Hz), theta band θ
(4 to 8 Hz), alpha band α (8 to 12 Hz), beta band β (13 to 25 Hz) and gamma
band γ (> 25 Hz). (Niedermeyer and da Silva, 2005; Khalifa et al., 2012). The
results offered by (Juhl et al., 2010) found that there is slow wave activity and
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reduced alpha activity before a cognitive dysfunction coupled with hypogl-
ycemia. Also this result is supported in the review by (Blaabjerg and Juhl,
2016) summarized multiple studies proven that delta and theta bands incre-
ased during hypoglycemia. In a recent study by(Rubega et al., 2020) found
similar results increase in delta and theta and decrease in alpha bands.

Heart Rate Variability (HRV)

Back to the peripheral nervous system; the autonomic nervous system (ANS)
is controlling the heart over the vagus nerve. When someone is under hypo-
glycemia, the ANS is triggered: the sympathetic system is activated and the
parasympathetic system is suppressed (DeRosa and Cryer, 2004; Hoffman,
2007). This changes under physiological reaction leads to several changes in
heart rate HR and heart rate variability HRV(Jaiswal et al., 2014; Koene-
man et al., 2021). HRV commonly can be measured using two approaches :
Time domain and Frequency domain (Kreibig, 2010; Pumprla et al., 2002).
In time domain HRV can be calculated from beats variation by measuring
intervals between peaks of R-R interval from the Electrocardiogram ECG;
then computing one of the preferred time domain variables called the root
mean square of the successive differences RMSSD Equation (1)(Malik et al.,
1996):

RMSSD =

√∑n−1
i=1 (RRi+1 − RRi)2

n− 1
(1)

The second approach is the frequency domain by finding the preferred
ratio of LF:HF, where LF between 0.04–0.15 Hz and HF between 0.15–
0.4 Hz (Malik et al., 1996). The results offered by many studies showed
that people under hypoglycemia their HRV is decreasing compared to when
they are under euglycemia in terms of time domain variables like RMSSD
(Koeneman et al., 2021; Olde Bekkink et al., 2019). Also several studies sho-
wed that HRV is higher under hypoglycemia in terms of frequency domain
ratio LF:HF (Koeneman et al., 2021; Olde Bekkink et al., 2019; Vlcek et al.,
2008).

Brain neuroimaging and cardiovascular measures are the most related
noninvasive indicators for hypoglycemia observation in this study. The
proposed system is robust and designed to measure two biosignals simul-
taneously; EEG and HRV. HRV is measured using the photoplethysmogram
(PPG)/ electrocardiogram ECG using heart rate sensors. The system helps
to detect hypoglycemia during driving and connected to the car sub-system
through On-board diagnostics OBD II minimize the potential of accidents.

Methodology and Conceptual Design

The system design, modules , configuration and the working principle
flowchart are shown in block and pictorial diagrams demonstrations in
figure 1.

The main components used in system design are three parts, first the user
part with biosignals data acquisition, signal pre-processing and processing
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Figure 1: Working principle flowchart and pictorial diagrams

including PPG/ECG and 4 channels EEG using OPENBCI Ganglion. The
second part is the microcontroller ArduinoMega 2560, Ublox NEO-6MGPS
Module, Bluetooth 4 (BLE) HM-10 and QuadBand GPRS-GSM SIM800L
wireless transceiver. The last part is the OBD II connected to OBD II port at
the vehicle.

In the 1st part data acquired, pre-processed and processed using open sou-
rceOPENBCIGUI V5.0.9 as shown in figure 2. EEG signals are notch filtered
at 60Hz and band pass filtered between 5–50 Hz. Also, it converted into fre-
quency domain using fast fourier transform FFT to classify the main bands
delta δ, theta θ , alpha α, beta β and gamma γ . Heart rate is acquired using the
same board then R-R interval captured to calculate RMSSD, also its conver-
ted to frequency domain using FFT to classify LF (0.04–0.15 Hz) and HF
(0.15–0.4 Hz) to calculate the ratio LF:HF.

Then the data will be streamed to the second part the microcontroller
which control the data with conditions and algorithms using lab streaming
layer (LSL). Brain waves triggers the microcontroller if the low freque-
ncy bans delta and theta are active and other bands such as alpha and
beta are not active for 10 seconds. In this moment the system will reco-
gnize a potential of hypoglycemia. This potential will be significant if the
other biosignals HRV is abnormal. The microcontroller will consider HRV
represented in RMSSD is abnormal if it is 20% below the short term
measurement norms 42 milliseconds or 30% above the ratio LF:HF 2.8
ms2 (Koeneman et al., 2021; Umetani et al., 1998; Shaffer and Ginsberg,
2017).

If the hypoglycemia occurred the microcontroller will communicate with
the third part of the system which is the OBD II to switch on the lights fla-
sher and to reduce the speed via cruise control if possible(Checkoway et al.,
2011; Kelarestaghi et al., 2019; Sheng et al.). Also, the microcontroller will
communicate with the observers sending GPS location, speed of the vehicle
and the drivers biosignals.
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Figure 2: Data processing of ECG and EEG

CONCLUSION

The proposed system is designed to measure two biosignals simultaneously;
EEG and HRV. HRV is measured using the photoplethysmogram (PPG)/
electrocardiogram ECG using heart rate sensors. The system helps to detect
hypoglycemia during driving and connected to the car sub-system through
On-board diagnostics OBD II minimize the potential of accidents.
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